Background: Endoscopic harvest of the radial artery avoids long forearm incisions and has better cosmesis compared to the open technique. The objective of this study was to compare the short-term results and woundrelated complications of endoscopic radial artery harvest versus open technique. Results: From 2013 to 2017, 800 patients had coronary artery bypass grafting; 88 patients of them had radial artery harvesting (11%). Two groups were included in the study according to the surgeon preference, endoscopic radial harvest (group 1, n = 30; 3.75% of total CABG patients) and open harvest (group 2, n = 58; 7.25% of total CABG patients). Group 1 had more males (25 (83.33%) vs. 35 (60.34%); p = 0.028). There was no difference in the preoperative comorbidities between both groups. The duration of the harvest was significantly longer in group 1 (median 40 min ranges from 38 to 42 min vs. 49 min ranges from 47 to 52 min in groups 1 and 2, respectively; p < 0.001). The operative time was longer in group 1 (median 302.5 min ranges from 295 to 310 min vs. 277 min ranges from 273 to 280 min in groups 1 and 2, respectively; p < 0.001). The hospital stay in the endoscopic radial artery harvest group was significantly shorter than that of open technique (median 7 days ranges from 6 to 7 days vs. 7.5 days ranges from 7 to 9 days; p < 0.001). There was no significant difference in the postoperative complications between both groups. One case (3.3%) was transformed from the endoscopic to open technique due to uncontrolled bleeding. Endoscopic technique was associated with more patients presenting with hand numbness (6 cases; 20% versus 3 cases 5.2%) and radial nerve injury (2 cases; 6.6% versus none), while open technique showed more cases of local hematoma (8 cases; 13.8% versus 1 case; 3.3%) and wound infection (6 cases; 10.34% versus none); p > 0.05. Conclusion: Endoscopic radial artery harvest is associated with shorter harvest time and shorter hospital stay. Endoscopic radial artery harvest is a safe technique with good short-term outcomes. Longer follow-up is recommended.
Background
Radial artery graft is associated with good long-term outcomes when used to bypass critical coronary artery stenosis in a young patient [1, 2] . The radial artery has several advantages as a conduit in coronary artery bypass grafting (CABG). The radial artery can be used as an alternative to the right internal mammary artery (RIMA) in certain circumstances as in diabetic, obese patients and patients with chronic obstructive pulmonary disease (COPD) where bilateral harvesting of the internal mammary arteries increases the risk of sternal infection [3] . The radial artery is more prone to spasm from the competitive flow because of the thick muscular wall; therefore, it is advised to put the radial artery on critical lesions with the very faint native antegrade flow [4] . The proximal end of the radial artery can be anastomosed directly to the aorta or as a composite T or Y graft to the internal mammary artery [5] .
Two techniques were described for the harvesting of the radial artery: open and endoscopic. Open harvest of the radial artery involves large longitudinal forearm incision with the potential of longer harvest time and more wound-related complications [6] . Endoscopic vessel harvesting was introduced in 1990, where it was used for harvesting of the saphenous vein. Then in 2001, it was used in the harvesting of the radial artery. By the year 2005, it was used over a large scale for the harvesting of both saphenous vein and radial artery, and now, about 80% of CABG patients at USA hospitals have both saphenous vein and radial artery harvested endoscopically [7] .
Methods

Study design and patients
This research paper is a retrospective cohort study that was conducted in King Faisal Specialized Hospital over 5 years, starting from January 2013 till January 2017. During this period, 800 patients had CABG; 11% of them (n = 88) had radial artery conduits. The data of 88 patients who underwent elective CABG with radial artery as an arterial conduit were collected. The patients were divided into two groups; group 1 included patients who had endoscopic radial artery harvest (n = 30; 3.75% of total CABG patients), and group 2 included the patients who had open radial artery harvest (n = 58; 7.25% of total CABG patients). Patients were assigned to either group according to the surgeon's preference and the availability of the endoscope.
The data collected included age, sex, and comorbidities, such as hypertension and diabetes. Operative data included the duration of the radial artery harvest and the operative time. Postoperative data included the complications in the form of wound hematoma, reexploration, wound infection, local neurological complications from nearby dorsal radial nerve injury with numbness on the dorsum of the hand, and its reflection on hospital stay. Data collection was approved by the Institutional Review Board at King Faisal Specialized and Research Center, and the patient's consent to participate in research was obtained during procedure consent.
Inclusion criteria
We included patients who had elective three or four vessels CABG and less than 60 years old. The preoperative Allan test was performed and showed equivocal dependence of the arterial supply of the hand on both radial and ulnar artery. We used the radial artery of the nondominant hand. The radial artery was used to graft the obtuse marginal (OM) with a critical lesion of the circumflex artery, and the proximal end of the radial artery was anastomosed directly to the aorta.
Exclusion criteria
We excluded patients who had an emergency CABG or a concomitant procedure CABG. Patients who had radial dependent hand circulation and those who had sequential radial grafting or T or Y radial anastomosis to LIMA were excluded.
Surgical procedures Endoscopic harvesting
Endoscopic harvesting was performed using the VASO-VIEW® Endoscopic Vessel Harvesting System (MAQUET Cardiovascular, Santa Clara, CA.). A 3-cm longitudinal incision is made just proximal to the wrist crease over the radial artery that is identified by its pulsation (Fig. 1) . Then, direct dissection locally through the lateral fascia to identify the radial artery and its venae comitantes, which are dissected as one pedicle to avoid direct trauma of the radial artery. The endoscope with the conical tip is advanced directly over the radial artery to allow the insertion of the port (Fig. 2) . The port was inflated with air to create a seal. CO2 was insufflated at a pressure of average 10-12 mmHg and a flow rate of about 4 L/min to create a tunnel [6] . Dissection using the conical tip started from the Fig. 1 The endoscopic port with the conical tip inserted in the forearm posterior aspect of the radial artery at first then the anterior aspect. The conical tip was removed from the end of the endoscope, and the endoscope was placed into the VasoView® HemoPro™ Endoscopic Vessel Harvesting Cannula. Fasciotomy was performed using direct energy force. Dissection of the tissues was performed by grasping it between both jaws of the cannula together with pulling and rotation of the tool to apply direct tension. The branches were captured between both Jaws by pulling the Toggle into the middle position. The radial artery pedicle can be divided and ligated in the antecubital fossa with an 11blade using a vessel loop endoscopic technique [8] . The radial artery is prepared by direct flushing with papaverine and clipping of the branches by direct clip applier [8] .
Open harvesting
Conventional open radial artery harvesting technique was performed using the method described by Reyes and colleagues through a forearm incision along the course of the radial artery of the nondominant hand starting from the felt pulsation of the artery till its origin from the brachial artery. It was harvested as one pedicle with its venae comitantes with less manipulation of the graft to avoid direct blunt trauma. Dissection of the pedicle was performed by using low-intensity monopolar electrocautery, and the control of the side branches was done using vascular clips [9] . Closure of the forearm was done over a direct drain with one layer of subcutaneous tissue using Vicryl without closure of the fascia to prevent compartmental syndrome if hematoma formed. After closing, a direct elastic bandage was applied and wrapped around the forearm [9] .
In both techniques, dissection was done without heparin, and division of the radial artery was done after heparinization. After finishing harvesting, a direct drain was inserted beside the wrapping of the forearm which was done with direct elastic stocking after the closure of the forearm incision.
Statistical analysis
All analyses were performed using STATA 16 software (Stata-Corp, College Town, TX, USA). Continuous variables were described as median (50th percentile) and 25th-75th percentile and were compared between group 1 (endoscopic radial artery harvest) and group 2 (open radial artery harvest) using the Wilcoxon rank-sum test. Categorical variables were presented as number and percent and were compared using the chi-square or Fisher exact test if the expected frequency is less than 5. The analysis was bilateral. A p value of less than 0.05 was considered significant.
Results
Group 1 (n = 30) had 25 males (83.33%) which were significantly higher than group 2 (n = 58; 35 (60.34%); p = 0.028). There was no significant difference in preoperative comorbidities between both groups ( Table 1 ). The duration of the harvest was significantly shorter in group 1 (median 40 min vs. 49 min in groups 1 and 2, respectively; p < 0.001) (Fig. 3 ). The operative time was longer in group 1 (median 302.5 min vs. 277 min in groups 1 and 2, respectively; p < 0.001) ( Fig. 4 and Table 2 ). One patient was transformed into an open approach as one branch of radial artery avulsed during dissection with arterial bleeding that obscured the field of vision through the endoscopic camera. The hospital stays in endoscopic harvesting were significantly shorter than those of open harvesting (p < 0.001). Although they did not reach a significant level, the complication rate was higher in group 2 except hand numbness, which occurred more frequently in group 1 (20% vs. 5.2%; p = 0.057) ( Table 3 ). 
Discussion
The radial artery is being used as a second or third arterial conduit after internal thoracic arteries in CABG patients [10, 11] . The radial artery has an advantage over the saphenous vein with a better long-term patency rate [11, 12] . Radial artery harvest is relatively easy compared to other arterial conduits since its distal end is subcutaneous, and its pulsation can be felt easily; additionally, it has a large diameter, which facilitates both proximal and distal anastomosis [13] . Moreover, the radial artery has a satisfactory length [14] , the forearm wound is less prone to infection compared to the leg wound, and the neurological complications are less frequent [15, 16] . The availability of calcium channel blockers that protect the graft from arterial spasm increased the importance of radial artery harvesting and potentiated its role as one of the vital arterial grafts [17] . Open radial artery harvesting creates a long forearm scar with local wound complications. Recently, a new technique of endoscopic harvesting was widely adopted with better cosmetic results and a decrease in the rate of forearm complications [18, 19] . However, endoscopic harvesting requires a more extended practice compared to the open technique; this is why it must be done by a well-trained practitioner who may be a non-physician [20] . This is well presented during our study in the rate of complications at the endoscopic technique that was high in the beginning as it was a new technique for us with less experience; meanwhile, after we reached a good position in the learning curve, the rate of complications started to decrease. In our study, we compared the short-term results of both endoscopic radial artery harvest and open technique in the form of local complications as forearm hematoma and infection and its effect on hospital stay. The rate of local complications was higher in the open group (hematoma and infection), the rate of hematoma was 13 .85% in open group versus 3.35% in the endoscopic group, and for infection, it was 10.35% in the open group with zero cases in endoscopic technique. This is similar to other studies, and the largest casecontrol study of endoscopic radial artery harvesting reported fewer complications in comparison to open technique [21] . Other studies have shown the same, including a significant decrease in other complications such as hematomas and infections [22, 23] .
Superficial radial nerve (SRN) injury and local hand numbness occurred more during endoscopic harvesting (20% versus 5.2%), mostly due to excessive cauterization that occurs in the terminal part of the radial artery near the wrist reflecting less experience of harvesting. SRN runs laterally of the RA in the distal forearm and provides sensation to the volar and dorsal part of the first two fingers. This nerve may be encountered during distal forearm dissection [24, 25] . One randomized trial reporting postoperative neurological complications had been published [19] . This trial reported fewer neurological complications in the endoscopic harvest technique versus open radial artery harvest group. Endoscopic radial artery harvest reduced the risk of neurological complications in one prospective study from 10 to 0% [26] . One of the complications that occurred more frequently was chest reexploration from clipped branches of radial artery that were harvested endoscopically (6.75 vs. 1.7%) because of our less experience of the endoscopic technique with excessive nearby cauterization without leaving adequate stump for clipping of the branches.
Finally, there was a statistical significance between both groups in the length of hospital stay in favor of endoscopic technique (p < 0.001) because of less postoperative wound complications in endoscopic group with less need to stay in hospital to manage these complications.
Limitation of the study
The major limitations are the retrospective design and the small size of endoscopic harvesting sample as it is a new technique that requires trained persons, besides no long-term follow up for the patients as regards of graft patency for both groups.
Conclusions
Endoscopic radial artery harvest is associated with shorter harvest time and shorter hospital stay. Endoscopic radial artery harvest is a safe technique with good short-term outcomes. Longer follow-up is recommended. Hospital stay (days) 7 (6-7) 7.5 (7-9) < 0.001
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